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Some of the most interesting types of astrophysical objects that have been intensively
studied in the recent years are the Anomalous X-ray Pulsars (AXPs) and Soft Gamma-
ray Repeaters (SGRs) seen usually as neutron stars pulsars with super strong magnetic
fields. However, in the last two years two SGRs with low magnetic fields have been
detected. Moreover, fast and very magnetic white dwarf pulsars have also been observed
in the last years. Based on these new pulsar discoveries, white dwarf pulsars have been
proposed as an alternative explanation to the observational features of SGRs and AXPs.
Here we present several properties of these SGRs/AXPs as WD pulsar, in particular the
surface magnetic field and the magnetic dipole momentum.
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1. Introduction
Recently, an alternative description of the Soft Gamma-ray Repeaters (SGRs) and
Anomalous X-ray Pulsars (AXPs)1,2 based on rotating highly magnetized and very
massive white dwarfs (WD) has been proposed by Malheiro, Rueda and Ruffini3.
In this new description several observational properties are easy understood and
well explained as a consequence of the large radius of a massive white dwarf that
manifests a new scale of mass density, moment of inertia and rotational energy in
comparison with the case of neutron stars (NS).
In the last years, two SGRs with low magnetic field were discovered, SGR
0418+5729 and Swift J1822.3-1606 (see N. Rea et al.4,5). This sources were found
to have a period of ∼ 9.08 s and ∼ 8.44 s respectively. These new astronomical ob-
servations challenged the magnetar model of SGRs where the large magnetic field
is the source of the steady X-ray luminosity observed, and also responsible for the
outbursts seen as the main characteristic of these type of pulsar. Moreover, the
characteristic age τ = P/2P˙ of these two magnetars are large with τ ∼ (106 − 107)
1
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years, older comparing with all the others SGRs and AXPs τ ∼ (103 − 104) years,
an age usually seen as an indication for the association of SGRs/AXPs as young
neutron star produced on supernova explosions.
2. SGRs with low B as white dwarf pulsars
The magnetic field at the magnetic pole Bp is related to the dipole magnetic moment
by,
| −→m |=
BpR
3
2
, (1)
where R is the star radius. If the star magnetic dipole moment is misaligned with
the spin axis by an angle α, electromagnetic energy is emitted at a rate (see, e.g.,
Shapiro and Teukolsky6 and references therein),
E˙dip = −
2
3c3
| m¨ |2= −
2 | −→m |2
3c3
ω4sin2α. (2)
Thus, it is the magnetic dipole moment of the star, the physical quantity that
dictates the scale of the electromagnetic radiated power emitted together with the
angular rotational frequency. The fundamental physical idea of the rotation-powered
pulsar is that the X-ray luminosity - produced by the dipole field - can be expressed
as originated from the loss of rotational energy of the pulsar,
E˙rot = −4pi
2I
P˙
P 3
, (3)
associated to its spin-down rate P˙ , where P is the rotational period and I is the
momentum of inertia.
Thus, equaling Eqs. (2) and (3) we deduce the expression of pulsar magnetic
dipole moment,
m =
(
3c3I
8pi2
PP˙
)1/2
. (4)
From Eq. (1) we obtain the magnetic field at the equator Be as
7
Be = Bp/2 =
(
3c3I
8pi2R6
PP˙
)1/2
, (5)
where P and P˙ are observed properties and the moment of inertia I and the radius
R of the object model dependent properties. The model commonly addressed as
magnetar8,9 is based on a canonical neutron star of M = 1.4M⊙ and R = 10
km and then I ∼ 1045g cm2 as the source of SGRs and AXPs. From Eqs. (4) and
(5), using the parameters above, we obtain the magnetic dipole moment and the
magnetic field of the neutron star,
mNS = 3.2× 10
37(PP˙ )1/2emu, (6)
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and
BNS = 3.2× 10
19(PP˙ )1/2G. (7)
For the case of the white dwarf model we use a radius R = 3000 km for all SGRs
and AXPs and a massM = 1.4M⊙, as recent studies of fast and very massive white
dwarfs obtained (see K. Boshkayev et al.10). Thus, these values of mass and radius
generating the momentum of inertia I ∼ 1.26× 1050g cm2, will be adopt hereafter
in this work as the fiducial white dwarf model parameters. Using that parameters
we obtain the magnetic dipole moment and the magnetic field of the white dwarf
pulsar,
mWD = 1.14× 10
40(PP˙ )1/2emu, (8)
and
BWD = 4.21× 10
14(PP˙ )1/2G. (9)
The recent discoveries of SGR 0418+5729 and Swift J1822.3-1606 with low mag-
netic field sharing some properties with the recent detected fast WD pulsar AE
Aquarii and RXJ 0648.0-4418, and the candidate EUVE J0317-855 is also discussed
in this paper (see Table 1), to support the WD description of SGRs and AXPs white
dwarf pulsar.
Massive fast rotating white dwarfs with magnetic fields larger than 106G up
to 109G has been observed11,12. A specific example is AE Aquarii, the first white
dwarf pulsar, very fast with a short period P = 33.08 s13,14,15. The rapid braking
of the white dwarf and the nature of pulse hard X-ray emission detected with
SUZAKU space telescope in 2005 under these conditions can be explained in terms
of spin-powered pulsar mechanism16,17. Although AE Aquarii is a binary system
with orbital period ∼ 9.88 hr, very likely the power due to accretion of matter is
inhibited by the fast rotation of the white dwarf.
More recently, the X-ray multimirror mission (XMM)-Newton satellite had ob-
served a white dwarf pulsar faster than AE Aquarii. Mereghetti et al.18 showed
that the X-ray pulsator RX J0648.0-4418 is a white dwarf with mass M = 1.28M⊙
and radius R = 3000 km. Is one of the most massive white dwarfs currently known
and the one with the shortest spin period P = 13.2 s18,19. That belongs to the
binary systems HD 49798/RX J0648.0-4418.
As discussed by Mereghetti et al.18, the luminosity of LX ∼ 10
32 erg/s is pro-
duced by accretion onto the white dwarf of the helium-rich matter from the wind
of the companion. In this work, we do not consider the accretion model, instead
we describe RX J0648.0-4418 as a rotation powered white dwarf, and obtain the
magnetic dipole moment and magnetic field, using the above mentioned parameters
of a fast rotating magnetized white dwarf.
EUVE J0317-855, a hydrogen-rich magnetized white dwarf discovered as an
extreme-ultraviolet (EUV) source by the ROSAT Wide Field Camera and Extreme
Ultraviolet Explorer EUVE survey, is another observed WD pulsar candidates20,21.
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However, relevant pulse emission from EUVE J0317-855 has not been observed yet,
which may suggest that the electron-positron creation and acceleration does not
occur (see Kashiyama et al.22). Barstow et al.23 obtained a period of P ∼ 725 s,
which is also a fast and very magnetic white dwarf with a dipole magnetic field is
B ∼ 4.5×108 G, and a mass (1.31−1.37)M⊙ which is relatively large compared with
the typical WD mass ∼ 0.6M⊙. EUVE J0317-855 has a white dwarf companion,
but is supposed to be no interaction between them, because of their large separation
(& 103 UA)22.
Table 1. Comparison of the observational properties of five sources: SGR 0418+5729 and Swift J1822.3-1606
(see N. Rea et al. 2010, 2012) and three observed white dwarf pulsar candidates. For the SGR 0418+5729
and Swift J1822.3-1606 the parameters P , P˙ and LX have been taken from the McGill online catalog at
www.physics.mcgill.ca/ pulsar/magnetar/main.html. The characteristic age is given by Age = P/2P˙ and the
magnetic moment m and the surface magnetic field B are given by Eqs. (4) and (5) respectively.
SGR 0418+5729 Swift J1822.3-1606 AE Aquarii RXJ 0648.0-4418 EUVE J0317-855
P (s) 9.08 8.44 33.08 13.2 725
P˙ (10−14) < 0.6 8.3 5.64 < 90 -
Age (Myr) 24 1.6 9.3 0.23 -
LX (erg/s) ∼ 6.2× 10
31 ∼ 4.2× 1032 ∼ 1031 ∼ 1032 -
BWD(G) < 9.83× 10
7 3.52× 108 ∼ 5× 107 < 1.45× 109 ∼ 4.5× 108
BNS(G) < 7.47× 10
12 2.70× 1013 - - -
mWD(emu) 2.65× 10
33 0.95× 1034 ∼ 1.35× 1033 3.48× 1034 1.22× 1034
mNS(emu) 7.47× 10
30 2.70× 1031 - - -
In Table 1 we compare and contrast the parameters of these two SGRs with
low B described in the white dwarf model with the three fast white dwarfs pre-
sented before. The magnetic dipole moment and magnetic field of all the sources
are calculated using WD and NS fiducial parameters discussed above.
We see from Table 1 that several features of two SGRs with low magnetic field
are very similar to the ones of fast and magnetic white dwarfs recently detected.
They are old, characteristic ages of Myr, low quiescent X-ray luminosity LX ∼
(1031−1032), magnetic field of BWD ∼ (10
7−108) G and magnetic dipole moments
of mWD ∼ (10
33 − 1034) emu. These results give evidence for the interpretation of
SGRs/AXPs as being rotating white dwarf pulsars.
3. Conclusions
The values for m ∼ (1033 − 1034) emu of the two SGRs with low B, are exactly
at the same order of the three white dwarf pulsars observed (see Table 1), and in
the lower values of the observed isolated and polar white dwarf magnetic dipole
moment range15.
The large steady X-ray emission LX ∼ 10
35 erg/s observed in the SGRs/AXPs
now well understood as a consequence of the fast white dwarf rotation (P ∼ 10 s),
since the magnetic dipole momentm is at the same scale as the one observed for the
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very magnetic and not so fast white dwarfs. This supports the description of SGRs
and AXPs as belonging to a class of very fast and magnetic massive white dwarfs3
perfect in line with recent astronomical observations of fast white dwarf pulsars.
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